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"I call our world Flatland, not because we call it so, 
but to make its nature clearer to you, my happy readers, 
who are privileged to live in Space." 
"Imagine a vast sheet of paper on which straight Lines, Triangles, 
Squares, Pentagons, Hexagons, and other figures, instead of remaining 
fixed in their places, move freely about, on or in the surface, 
but without the power of rising above or sinking below it, very much 
like shadows -- only hard and with luminous edges -- and you will then 
have a pretty correct notion of my country and countrymen. Alas, 
a few years ago, I should have said "my universe": but now my mind 
has been opened to higher views of things." 
[E.A. Abbott, Flatland (6th Ed.) Dover, New York, 19521 
SCOPE AND MECHANISTIC STUDIES OF THE PALLADIUM ON CARBON 
CATALYZED SUZUKI CROSS COUPLING REACTION 
Abstract 
Due to its efficiency, mild reaction conditions and functional group tolerance, the 
Suzuki cross-coupling reaction, i.e., palladium-catalyzed carbon-carbon bond formation 
reaction between organoboron derivatives and organic halides, has become a major tool 
in synthesizing complex organic compounds. While the cross-coupling reaction has been 
predominantly catalyzed by homogeneous palladium catalysts such as Pd[P(Ph)s]4, there 
has been a limited number of reports where heterogeneously-supported Pd catalysts were 
found to catalyze the cross-coupling reaction. Heterogeneously-catalyzed Suzuki cross- 
coupling can be technically important due to the inherent advantages associated with the 
processing of heterogeneous catalysts. At the same time, it is also a scientifically 
challenging reaction to understand and optimize considering the complexity of the active 
sites on heterogeneous surfaces. 
We show that the coupling of a variety of para-substituted aryl bromides and aryl 
boronic acids occurs in yields of 79 - 94 % at temperatures as low as 25 "C. A Hammett 
study reveals that the reaction rates increase with electron-donating groups on the aryl 
boronic acid (p =-2.0) and increase moderately with electron-withdrawing groups on the 
aryl bromide. In addition, steric effects are more dominating during the transmetallation 
step because steric bulk on the boronic acid has a greater inhibitory affect on the reaction 
rate than on the aryl halide. Kinetic studies indicate the reaction is oth order in aryl halide 
and 1' order in phenylboronic acid. These results are consistent with transmetallation as 
the rate limiting step. A mechanism in which the phenylboronic acid reacts with a 
surface bound aryl halide is proposed and discussed. 
We have optimized the reaction to enable PdC, without added ligands, to catalyze 
the Suzuki cross-coupling reaction with aryl chlorides. Up to 95% yield was observed 
for aryl chlorides with electron-withdrawing substituents, whereas the yields of electron 
rich and neutral aryl chlorides are moderate. The high reactivity towards activation of the 
C-Cl or C-Br bond may result from unique catalytic properties associated with 
heterogeneous Pd catalysts, namely, cooperative anchimeric and electronic effects which 
occur upon adsorption of the aryl halide on the Pd catalytic surface. 
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